The primary purpose of this study was to rank US hospitals performing coronary artery bypass graft (CABG) surgery on Medicare beneficiaries into 4 performance tiers and determine if there were overall and sex-specific differences in the risk-adjusted mortality rates across performance tiers.
H
OSPITAL PERFORMANCE ON the basis of coronary artery bypass graft (CABG) surgery outcomes are being published by a growing number of public and private organizations. [1] [2] [3] While many of these reports rank hospitals according to a broad spectrum of factors including hospital structure, scope, processes, reputation, and postoperative clinical outcomes, inpatient mortality rate is the most commonly used measure of cardiovascular surgical care quality. 4, 5 New York, Pennsylvania, New Jersey, California, and Ontario, Canada, have all published risk-adjusted hospital rankings for cardiac surgery outcomes demonstrating differences in CABG mortality across hospitals. [6] [7] [8] [9] [10] With CABG surgery increasingly becoming an elective procedure performed by an increasing number of hospitals, there is a growing interest and debate over making hospital risk-adjusted mortality rates (RAMRs) publicly available. [11] [12] [13] In addition, the growing awareness of sex differences in cardiovascular outcomes has raised concerns about whether the sex differential in risk-adjusted mortality rate varies across hospital performance tiers. [14] [15] [16] The primary purpose of this study was to rank all US hospitals performing CABG surgery on Medicare beneficiaries into 4 performance tiers based on the total number of lives saved, calculated as the difference between the risk-adjusted expected number of deaths and the actual number of deaths. We chose this ranking method because it incorporates both a quality of care and volume component into the ranking. The hospital rankings are then used to answer 3 questions. First, are there statistically significant differences in the overall and sex-specific average RAMRs across performance tiers? Second, is the sex differential (average male RAMR minus average female RAMR) stable across hospi-tal performance tiers, or does it change between tiers? Third, what would be the potential mortality impact (percentage of deaths avoided) among Medicare beneficiaries if bottom-tier hospitals would improve their RAMR to the average rate of hospitals performing in the top tier?
METHODS

DATA SOURCE
The Medicare Provider Analysis and Review (MEDPAR) files were the data sources for this retrospective analysis. The MEDPAR file is an administrative database maintained by the Centers for Medicare and Medicaid Services containing all claims submitted by hospitals for services provided to Medicare beneficiaries. For each hospitalization, the MEDPAR record includes patient information on age, sex, race, date of admission, date of discharge, the principal diagnosis code, 8 secondary diagnosis codes, 6 procedure codes, discharge status, total charges, and total reimbursement.
STUDY POPULATION
The population in this study consists of all US hospitals not in the Veterans Affairs Hospital System that performed at least 52 CABG procedures without concomitant valve surgery on Medicare beneficiaries during FY2003 or FY2004. The final study sample was derived as follows: First, the respective fiscal year MEDPAR file was searched for all hospital admissions with an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure code of 36.10 through 36.19 or 36.2, indicating that the patient underwent a primary or secondary CABG procedure during that admission. A Medicare beneficiary's CABG hospitalization was excluded from the study if the beneficiary also underwent concomitant value surgery (ICD-9-CM procedure code of 35.00 through 35.04, 35.10 through 35.14, 35.20 through 35.28, or 35.31 through 35.39). Table 1 summarizes the characteristics of the final study population. The initial search identified 143 462 Medicare beneficiaries (66.7% men) who were treated in 1069 hospitals during FY2003 and 134 707 Medicare beneficiaries (67.1% men) treated in 1108 hospitals during FY2004. Hospitals (and thus the Medicare beneficiaries they treated) were excluded from the study for either or both of the following reasons: (1) they performed fewer than 52 CABG procedures (on average Ͻ1/ wk) on Medicare beneficiaries during the fiscal year, and/or (2) they performed fewer than 17 CABG procedures on female Medicare beneficiaries during the fiscal year. A minimum of 17 female patients was set because it represents approximately 33% of 52 CABG procedures.
STATISTICAL ANALYSIS
Univariate differences in hospital outcomes were assessed using 2 analysis or the Fisher exact test for discrete variables and 2-sample student t tests for continuous variables. For each fiscal year, a multivariate logistic regression model was estimated to predict the expected probability of in-hospital mortality for each patient. The identical statistical analysis was conducted in 2 consecutive fiscal years to provide insight into the stability of both the average RAMR and the size of the sex difference by hospital performance class. All analyses were performed with SAS version 9.1 statistical software (SAS Institute, Cary, North Carolina).
ESTIMATING EXPECTED IN-HOSPITAL MORTALITY
The primary purpose of the multivariate logistic regression model was to predict the probability of a Medicare beneficiary experiencing in-hospital mortality during a CABG hospitalization, controlling for demographic, comorbidity, and cardiac risk factors. The same multivariate logistic regression model was estimated in each fiscal year. The estimated logistic regression model controlled for demographic variables (age, sex, and race) and for the following comorbidities and cardiac risk factors coded from the administrative database: prior CABG procedure, prior percutaneous coronary intervention, prior myocardial infarction, unstable angina, type of primary acute myocardial infarction, congestive heart failure, chronic obstructive pulmonary disease, chronic renal failure, renal failure unspecified, chronic liver disease, hypertension, conduction disorders, endocarditis, aortic aneurysm, history of cerebral vascular disease, diabetes mellitus, obesity, and current smoking status.
RANKING HOSPITALS
This study ranks hospitals on their CABG surgery performance based on the potential number of lives saved by each hospital. The number of lives saved by each hospital is defined as the difference between the hospital's expected number of deaths and its observed number of deaths. A hospital's expected number of deaths is calculated by summing the expected probability of inhospital mortality (estimated from the logistic regression equation) for each patient treated at that hospital during the fiscal year. Hospitals were divided into quartile performance tiers based on the total number of lives saved, with the top quartile (tier 1) hospitals saving the most lives and tier 4 the fewest.
We chose to rank hospitals based on the number of lives saved instead of risk-adjusted mortality rates for several rea- sons. First, for a hospital to save lives, the hospital must have a below average (better) RAMR because a hospital can only save lives by definition if the number of observed deaths is smaller than its expected number of deaths adjusted for the demographic characteristics, comorbidities, and cardiac risk factors of its CABG patients. Second, the better a hospital's actual performance relative to the average hospital, the more lives it will save with any given set of patients. Likewise, between 2 hospitals with the same number of observed deaths, the hospital with the more difficult case mix will save more lives than the hospital with the less difficult case mix because increasing disease severity increases the hospital's expected number of deaths. Alternatively, between 2 hospitals with the same RAMR, the lives saved method will rank the hospital that treated the most patients higher than the hospital that treated fewer patients.
OVERALL AND SEX-SPECIFIC HOSPITAL RAMR
The primary outcome of interest in this study is the overall and sex-specific hospital RAMR among Medicare beneficiaries. We adopted the linear method of calculating a hospital's RAMR used in the Patient Safety Indicator software written by the Agency for Healthcare Research and Quality. 18 A hospital's overall RAMR was calculated by subtracting that hospital's expected mortality rate from its observed rate and adding the difference to the national average mortality rate for all beneficiaries undergoing CABG surgery. We report the sex differential in RAMR as the male rate minus the female rate. As a result, a negative sex differential implies that the RAMR for women is higher than for men. We report RAMR by performance tier as the unweighted average of each hospital's overall or sex-specific RAMR in a given performance tier. Nearly identical results were obtained by calculating a patient-weighted average RAMR (data not shown).
RESULTS
The final study population consisted of 134 407 Medicare beneficiaries and 802 hospitals in FY2003 and 122 231 Medicare beneficiaries and 768 hospitals in FY2004 (Table 1) . While excluded hospitals represent 25% and 31% of all hospitals performing CABG surgery on beneficiaries in the respective fiscal years, the excluded hospitals averaged fewer than 37 CABG patients per hospital. As a result, the final study population included approximately 93% and 91% of all Medicare beneficiaries undergoing CABG surgery in FY2003 and FY2004, respectively. Table 2 lists the multivariate estimated odds ratios and 95% confidence intervals for each of the variables included in the logistic regression model. Overall, there were very few differences in the estimated odds ratios for individual variables between FY2003 and FY2004; the goodness of fit, as measured by the C statistic, was approximately 0.78 in both years.
The number of estimated lives saved in study hospitals ranged from a ϩ15.91 to a −21.86 during FY2003 and from ϩ15.06 to −15.82 during FY2004 ( Table 3) . As expected, the estimated number of lives saved decreased from tier 1 to tier 4; however, the average CABG volume per hospital per year was higher in tier 1 and tier 4 than in the middle 2 tiers.
Overall, there was a slight decline in the average hospital observed mortality rate (3.72% vs 3.63%) and RAMR (3.68% vs 3.61%) among Medicare beneficiaries undergoing CABG surgery from FY2003 to FY2004. In addition, compared with female beneficiaries, male beneficiaries had lower observed mortality rates (3.7% vs 4.8% in FY2003 and 3.1% vs 4.7% in FY2004) and RAMRs (3.2% vs 4.7% in FY2003 and 3.1% vs 4.7% in FY2004). As a result, the sex differential (risk-adjusted mortality advantage to male patients) for all hospitals changed little (from 1.5% to 1.6%). Table 4 lists mean hospital RAMRs overall and by sex for each performance tier. The following observations can be made: First, the mean hospital RAMR increases consistently, both overall and for male and female beneficiaries, from the top performance tier to the bottom in both fiscal years. While not listed in Table 4 , the mean overall and sex-specific RAMR achieved by tier 1 hospitals was significantly lower than the comparable RAMR achieved by hospitals in any of the other 3 tiers in both fiscal years (PϽ .001).
Second, the sex differential in the average RAMR for all hospitals increases from the top to the bottom performance tier. For example, in FY2003, among top-tier hospitals, the average male RAMR was 1.24% compared with the average female RAMR of 1.96% (−0.72 percentage point differential), while among bottom-tier hospitals, the average male RAMR was 5.68% compared with the average female rate of 8.40% (−2.72 percentage point differential). The increase in the average hospital RAMR sex differential was statistically significant between tier 1 hospitals and hospitals in each of the other 3 performance tiers (PϽ.05).
Finally, while the risk-adjusted mortality rates for both sexes vary slightly in any performance tier between the 2 fiscal years, the average sex differential in RAMR in each of the performance tiers is very stable. Table 5 details the potential mortality impact of improving outcomes in bottom-tier hospitals. The simulation estimates the number of deaths avoided if bottomtier hospitals could improve their sex-specific RAMR to the average sex-specific rate achieved in top-tier hospitals. Overall, this simulation indicates that between 74% and 76% of all observed deaths in bottom-tier hospitals could potentially be avoided-a total of roughly 1500 deaths per year. Finally, while women have a higher RAMR in tier 4 hospitals than men, both sexes benefit nearly equally from the improvement in hospital outcomes with very similar rates of potentially avoidable mortality, in part because a sex differential remains, even in top-tier hospitals.
POTENTIAL MORTALITY IMPACT
COMMENT
This study examined 3 questions concerning hospital performance rankings for CABG surgery. First, this study found that when hospitals were ranked according to the number of lives saved, Medicare beneficiaries of either sex undergoing CABG surgery in the typical top-tier hos- pital were significantly less likely to experience inhospital mortality than beneficiaries being treated by the typical hospital in the other 3 tiers. The difference in RAMR between the average top-and bottom-tier hospital is quite striking. The relative risk of mortality for undergoing CABG surgery in a bottom-tier hospital was 4.4 times that of a top-tier hospital. Second, this study found that women had a higher mortality rate than men by 1.5 percentage points. However, the sex differential increases from 0.7 percentage points in the average top-tier hospital to 2.7 percentage points in the average bottom-tier hospital.
Finally, potentially 75% of the observed deaths of either male or female Medicare beneficiaries treated in tier 4 hospitals could be avoided if tier 4 hospitals could improve their performance to the average performance of toptier hospitals. Clearly, to achieve these simulated reductions in mortality, the causes of interhospital variation in mortality must be identified.
These findings raise a number of questions. First, is the statistically significant difference in average RAMR between hospital tiers clinically meaningful? We believe that a 4-fold difference in RAMR is a clinically meaningful difference between hospitals in the top and bottom tiers. Approximately 1500 deaths that occurred in tier 4 hospitals could potentially have been avoided in each fiscal year if hospitals in the bottom tier achieved outcomes similar to the average hospital in tier 1. While there will always be bottom-tier hospitals in any performance ranking, this study demonstrates the potential mortality impact of improving the quality of care. Better understanding of what the nearly 200 topperforming hospitals are doing to achieve their relatively low average RAMR may provide insight into how to improve the average performance in bottom-tier hospitals.
Second, this study also finds that even in the best performing hospitals there is a sex differential in mortality rates. This finding may support those who argue for clinical reasons (eg, artery size) why mortality equality between men and women may be difficult to achieve among patients undergoing CABG surgery. [19] [20] [21] [22] [23] However, after risk adjusting, there was a nearly 4-fold increase in the sex differential between the top-and bottom-tier hospitals. While we are aware of the limitations associated with RAMR models for predicting subsequent performance, the size of the increase in the sex differential between topand bottom-tier hospitals clearly demonstrates the importance of examining hospital CABG outcomes, especially for various subpopulations.
Third, these analyses suggest that both male and female Medicare beneficiaries undergoing elective CABG surgery could improve their outcomes by carefully selecting their CABG hospital. The proportional consistency of the sex-based mortality differences across tiers implies that the quality problems of poor performers apply equally to male and female patients, especially since the difference in average RAMR between top performing and lower performing hospitals is greater than the sex difference in RAMR in the 2 bottom tiers. However, for beneficiaries to be able to exercise this choice, the following conditions must exist: (1) hospitals' rankings must be relatively stable over time and (2) beneficiaries must be able to access surgeons operating in top-tier hospitals and have financial and geographical access to toptier hospitals. A brief examination of geographical access indicates that 37 states had at least 1 tier 1 hospital in FY2003 and that 40 states had at least 1 tier 1 hospital in FY2004. Furthermore, 20 states had at least 1 hospital ranked in the top tier and 1 in the bottom tier in both fiscal years.
Several limitations to this study must be acknowledged. First, the analyses and risk-adjustment models used to calculate RAMRs by sex are based on information contained in an administrative database. 24, 25 As a result, the risk-adjustment models we estimated might not adequately control for variations in patients' severity of illness because of a lack of clinical detail: the MEDPAR file is limited to 9 diagnosis codes per patient. Nevertheless, previous studies have shown that the predictive power of administrative databases, as measured by the C statistic, is nearly identical to that of clinical data sets for predicting the probability of death in a group of patients. 26 Missing clinical data would not bias the results unless the missing factors were disproportionately distributed across Medicare beneficiaries and sex. The results of our risk-adjusted mortality models compare favorably to the results reported in the literature. [6] [7] [8] [9] [10] A second limitation is that this study uses in-hospital mortality rates as opposed to 30-day or 6-month mortality rates. For CABG surgery outcomes, we believe that in-hospital mortality is appropriate because studies examining long-term survival rates have shown that very few CABG patients who survive to discharge die in the first year after surgery. [27] [28] [29] A third limitation is that low-volume hospitals may not treat enough patients of each sex (especially women) to provide statistically meaningful and stable rankings. However, the lives saved method of ranking hospitals makes it difficult for low-volume hospitals to be ranked in either the top or bottom tier. And finally, this study population included only Medicare beneficiaries undergoing CABG without heart valve surgery and may not represent hospital performance for all CABG patients treated in US hospitals.
In conclusion, this study provides evidence that Medicare beneficiaries should pay attention to hospital performance rankings for CABG surgery based on lives saved. We also suggest that improving the quality of care in poorer-performing hospitals may be an important opportunity for improving CABG surgery outcomes. The difference in average RAMR across hospital tiers is substantially larger than the overall reduction in CABG mortality that has been achieved over the last decade with clinical advances in performing the procedure. The sex differential is smallest at high-performing hospitals meaning that both male and female beneficiaries benefit from having CABG performed at tier 1 hospitals. Future research is needed to focus on the processes and structures that differentiate the top performers and how these lessons can be translated to other hospitals.
